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Sunday, March 6, 2011 93athat myocardial infarction induces expression of KATP channels in cardiac fi-
broblasts. Fibroblasts were isolated from left ventricles of normal (CON) and
infarcted adult rat hearts. Fibroblasts from infarcted hearts were separately iso-
lated from scar (MI-S) and remote (MI-R) regions. Experiments were per-
formed within four days after isolation. qRT-PCR and Western blot were
used to determine the expression of KATP channel transcripts and subunits.
The mRNA levels were normalized to actin. The expression of functional
KATP channels was evaluated using the whole cell patch clamp technique in
the presence of pinacidil (100mM) and glibenclamide (10mM). SUR2 mRNA
levels were significantly increased in MI-S compared to MI-R (220%;
p=0.006) and CON (214%; p=0.013). Kir6.2 mRNAwas elevated in MI-S com-
pared to MI-R (148%; p=0.025) and CON (121%; p=0.022). The expression of
Kir6.1 mRNA was not different in MI-S compared to MI-R or CON. SUR1
mRNA was not detected in MI-S or MI-R (n=4). Protein levels for SUR2b
(98%) and Kir6.2 (92%; n=2) were elevated in MI-S compared to MI-R. In
MI-S, pinacidil activated a Kþ current (30.44 5 7.46 pA/pF at 50 mV;
n=10) that was inhibited by glibenclamide (p=0.005). Pinacidil activate no cur-
rent in MI-R or CON. Our data demonstrate that KATP channel subunit expres-
sion and pinacidil-induced current is upregulated in cardiac fibroblasts in
response to myocardial infarction. These changes are limited to the region
within the infarct scar. Modulating KATP channel function may represent
a novel approach for the treatment of myocardial ischemia.
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Voltage-Gated Ion Channels are Involved in the Signaling Pathway of
Differentiating Chondrocytes
Zoltan Varga, Adam Bartok, Gyorgy Panyi, Roza Zakany, Tamas Juhasz,
Csaba Matta, Janos Fodor, Beatrix Dienes, Laszlo Csernoch.
Chondrocytes, the matrix-producing cells of cartilage, are non-excitable cells,
yet in their mature form they are known to express voltage-gated ion channels.
We investigated the signaling pathway and the involvement of plasma mem-
brane ion channels during the early steps of chondrogenesis.
Our in vitro chondrogenesis model system is a high density mesenchymal cell
culture, in which chondroprogenitor cells are isolated from limb buds of
chicken embryos. These cells spontaneously differentiate into chondrocytes
mostly on the second and third days of culturing and secrete a significant
amount of cartilage-specific extracellular matrix by the sixth day.
Using whole-cell patch-clamp, RT-PCR and Western blot experiments we de-
tected the presence of voltage-gated Kv4.1 and Kv1.3 Kþ channels and Nav1.4
Naþ channels in these cells. The expression levels of Kv4.1 and Nav1.4 peaked
at the critical days 2 and 3 of differentiation, whereas the level of Kv1.3 showed
a gradual increase during the six days. However, unlike the other two channels
Kv1.3 was not present in the plasma membrane.
By confocal microscopy we detected high-frequency, short-duration Ca2þ tran-
sients in these cells that were sensitive to the external Ca2þ and Kþ concentra-
tions and tetraethylammonium (TEA, Kv channel blocker). Application of
TEA, but not tetrodotoxin (TTX, Nav channel blocker), significantly reduced
the frequency of Ca2þ transients, cartilage matrix production (assessed by
metachromatic staining), cell proliferation, and the protein expression of the
transcription factor Sox9, while it did not affect cell viability. Patch-clamp
measurements showed that TEA also depolarized cells, whereas TTX had no
effect on the membrane potential.
Our results indicate the operation of a complex signaling pathway during early
chondrocyte differentiation, which heavily relies on the function of Kv chan-
nels to stabilize the membrane potential for adequate Ca2þ signaling and the
progression of chondrogenesis.
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C. Elegans CLHM-1 expression Induces an Evolutionarily Conserved
Voltage- and Ca2þ-Dependent Ca2þ Permeability
Jessica Tanis, Zhongming Ma, Predrag Krajacic, Liping He,
J. Kevin Foskett, Todd Lamitina.
Recently Calhm1 was identified as a member of a novel family of integral
membrane proteins in neurons and a polymorphism in Calhm1 was linked to
certain forms of late-onset Alzheimer’s disease. While this suggests a potential
role for mutant Calhm1 in disease, the biophysical characteristics and physio-
logical function(s) of the 6 human Calhm family members are unclear. C. ele-
gans expresses a single Calhm gene, clhm-1, which is 16% identical / 28%
similar to human Calhm1. CLHM-1 is expressed in excitable cells, including
neurons and body-wall muscles. Loss of clhm-1 caused an uncoordinated
movement phenotype, while over-expression in the body-wall muscles caused
embryonic lethality in C. elegans. To determine if C. elegans CLHM-1 exhibits
functional properties similar to human Calhm1, we expressed C. elegansclhm-1
in Xenopus oocytes and performed two electrode voltage clamp experiments.
Expression of clhm-1 induced an outwardly rectifying, voltage-sensitive cur-rent. Voltage-dependent activation was shifted towards hyperpolarized volt-
ages following removal of extracellular Ca2þ, suggesting that extracellular
Ca2þ normally inhibits CLHM-1 function. C. elegans CLHM-1-induced cur-
rents were relatively non-selective among monovalent cations, with Ca2þ
selectivity PCa : PNa = 3.6, and with significant Cl
- permeability. CLHM-1 cur-
rents were inhibited by gadolinium, ruthenium red and Zn2þ, while specific
blockers of voltage-gated Ca2þ channels, connexins and NMDA receptors
had no effect. Our analyses demonstrate thatC. elegansCLHM-1 exhibits func-
tional properties similar to human Calhm1, indicating that function of the
Calhm gene family members as ion channels or regulators of ion channels is
evolutionarily conserved from C. elegans to humans. Thus, study of C. elegans
CLHM-1 can be used to further characterize this protein family which may
function to regulate intracellular calcium levels and/or cell excitability.
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Vacuolar Hþ -ATPases and Voltage-Gated Proton Channels: Two Electro-
genic, Proton-Selective Membrane Transport Mechanisms Co-Existed in
Osteoclasts
Hiromu Sakai, Yoshie Moriura, Junko Kawawaki, Shino Hashimoto,
Miyuki Kuno.
The vacuolar-type Hþ-ATPase (V-ATPase) is an electrogenic Hþ pump that is
distributed widely in living organisms. Voltage-gated proton channels (Hþ
channels) are found in many types of cells including phagocytes. Although
their transport mechanisms are distinct, both depend on pH and voltage and
share the outcomes, intracellular alkalinization (extracellular acidification)
and hyperpolarization. So far, V-ATPases and Hþ channels have been studied
separately in different cells, using the different approaches under different con-
ditions. V-ATPases and Hþ channels are expressed in the plasma membrane of
osteoclasts, multinuclear bone-resorbing cells, which allowed us to investigate
the two electrogenic Hþ transfer mechanisms quantitatively under the same
conditions. The current-voltage relationships of the V-ATPases are linear
and outward currents were maintained even when the extracellular space was
more acidic than the cell inside. Protons flowed through the V-ATPase contin-
uously. In contrast, Hþ channels were silent at voltages lower than the thresh-
old. However, once it opened, the Hþ channel current surpassed the V-ATPase
current. Consequently, the profile of Hþ efflux was composed of two phases,
one dominated by the V-ATPase and the other, by the Hþ channel. Inhibition
of V-ATPases by bafilomycin was often accompanied by decreases in the Hþ
channel current. These results suggested that the V-ATPase and the Hþ channel
work over different ranges of pH- and voltage-gradients across the membrane
in single cells and co-regulate the pH environments of osteoclasts.
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Structure-Activity Relationships of Influenza a M2 Inhibitors
Steven M. Kearnes, Steven Herron, David D. Busath.
The M2 proton channel of influenza A has become resistant to the traditional
antiviral drugs amantadine and rimantadine and is a high-priority target for cur-
rent rational drug design efforts. Recent studies have revealed the interior of the
wild-type channel as the primary binding site for amantadine and related anti-
viral compounds. We have extracted from the literature a set of 291 amanta-
dine-like compounds with experimentally determined antiviral activity.
Generating stereoisomers and alternate protonation states for each of these
compounds gave a dataset of nearly 1,000 unique structures for in silico anal-
ysis. The binding energy and conformation of each structure were predicted us-
ing the AutoDock Vina molecular docking program with a recently determined
structure of the wild-type channel. In addition, each structure was characterized
by additional features, including molecular weight, charge, surface area, vol-
ume, and individual components of the Vina scoring function. Comparisons
of these calculated values to the experimentally determined activity of each
compound will inform future studies seeking to develop new M2 inhibitors.
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Acid Sensitivity and Amanatadine Block of Influenza a M2 Channels in
Folded Bilayers
Viksita Vijayvergiya, Matthew Robertson, Mukesh Sharma,
Timothy A. Cross, David D. Busath.
Understanding of ion channel function involves assignment of channel trans-
port activities to constituents, to their arrangements and to membrane condi-
tions. One strategy for identifying the structure function relationship is
reconstitution of protein in planar lipid membranes. Reconstitution of M2 pro-
tein has been reported in the past using lipid vesicles and measuring the proton
flux at different pH. Also, single channel conductance measurements were
reported based on studies with decane inflated planar lipid bilayers at low pH
where amantadine sensitivity was low. The present work reports the proton
conductance of Influenza A M2(22-62) in a bilayer (275 pF) folded from
94a Sunday, March 6, 2011proteoliposomes (1 mg M2(22-62) in 20 mg POPE:POPC:POPG, 3:1:1). The
250-mm bilayer was estimated to contain 2.9x107 tetramers. The channel con-
ductance was undetectable with symmetrical pH 7.5 at 30 mV (trans relative
to cis). Upon acidification of the cis chamber to pH 5.5 (and stirring), there was
a smooth increase in current to a level of 633 pS (19 pA, i.e. current flow from
cis to trans, 4.1 protons/tetramer/s). Then, amantadine was injected cis and
trans to a concentration of 0.1 mM. Stirring cis produced 79% block over
the course of 5.6 minutes. The residual current was constant for the next
5.6 min. Then, cis neutralization eliminated the residual current. Rechallenge
with cis acidification (with amantadine present) showed persistence of block.
Acidification and amantadine sensitivity of this construct matches with those
observed for other Influenza A M2 constructs in Xenopus oocytes and MEL
cells. Similar results were observed in two additional folded-bilayer experi-
ments and further studies are in progress.
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Permeation Properties of CALHM1
Adam P. Siebert, Zhongming Ma, J. Kevin Foskett.
Department of Physiology, University of Pennsylvania, Philadelphia,
PA 19104
Recently, CALHM1, a gene of previously unknown function, was identified as
a risk factor for late-onset Alzheimer‘s disease (AD). It was suggested that
CALHM1 might be an ion channel or ion channel regulator. We used two-elec-
trode voltage clamp (TEV) to measure CALHM1-induced ionic conductances
in the plasma membrane of Xenopus oocytes. To investigate which ions perme-
ate the CALHM1-induced conductance, we employed instantaneous current/
voltage protocols to measure reversal potentials (Erev) in various solutions. In
the absence of extracellular divalent cations, CALHM1 is weakly cation selec-
tive, with PNa : PK : PCl = 1 : 1.11 : 0.52. In CALHM1 injected oocytes, the
relative permeability among monovalent cations (with respect to Naþ) is
PRb = PCs = PK > PNa > PLi > PNMDG, indicating that CALHM1-induced per-
meability is relatively nonselective for monovalent cations. CALHM1 induced
currents are divalent cation selective, with PNa : PCa : PBa : PMg = 1 : 13.8 : 8.6 :
3.1. This selectivity sequence represents a Sherry III/IV sequence, consistent
with a weak-field strength site in the permeation pore. The presence of extra-
cellular divalent cations strongly alters the gating properties of CALHM1 in-
duced currents. However, the presence of extracellular divalent cations only
slightly alters the relative permeability of Kþ and Cl- (PNa : PK : PCl = 1 :
1.46 : 0.88). Using large organic cations and a volume exclusion model, we es-
timated the radius of the CALHM1 associated ion channel pore in the absence
of divalent cations to be 6.9 to 8.7 A˚. (Supported by NIH GM/DK56328 and
a pilot project from the University Pennsylvania AD Core Center.)
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A first Passage Time Analysis of Atomic-Resolution Simulations of the
Ionic Transport in a Bacterial Porin
Carles Calero.
We study the transport of potassium and chloride ions and of water through
the OmpF porin, a transmembrane nanochannel located at the outer mem-
brane of Escherichia coli. Using the results of extensive all-atom molecular
dynamics simulations of the system, we employ a first time passage analysis
to understand the transport of ions and water through the channel in terms of
a one dimensional biased diffusion model. We explore the applicability of
such a description and extract the diffusion coefficients and effective forces
characterizing the dynamics of the particles in different regions of the chan-
nel. In this analysis, we recognize the appearance of effective entropic forces
directed towards the maximization of the available volume of the diffusing
particle.Neuronal Systems & Modeling
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Cerebral Oxygenation During Anesthesia
William Mantulin, Lingzhong Meng.
Cerebral Oxygenation During Anesthesia: Correlation With Blood Pressure
and Cardiac Output
William W. Mantulin* and Lingzhong Meng**
University of California Irvine
Beckman Laser Institute,* Laboratory for Fluorescence Dynamics* and
Department of Anesthesiology**
Irvine, CA
During surgery, the anesthesiologist is tasked with monitoring, manipulating
and maintaining the patient’s key physiological parameters, especially of
critical organs such as the brain. Generally, cerebral tissue oxygenation isnot explicitly tracked, but a measure of Mean Arterial Pressure (MAP) is con-
sidered an adequate surrogate marker for sufficient cardiac output to satisfy
cerebral oxygen demand. Avoidance of cerebral ischemia is an important con-
sideration. Consequently, we have used a tissue oximeter (Oxipex TS; ISS,
Inc.) to non-invasively and quantitatively monitor cerebral oxygenation (bilat-
eral; frontal lobes) during surgery in more than two dozen patients (under IRB
approved protocols). If blood pressure declines after inducing anesthesia, then
the anesthesiologist pharmacologically intervenes with a pressor such as
Ephedrine or Phenylephrine. Phenylephrine acts as a vasoconstrictor, whereas
ephedrine stimulates cardiac output. We were intrigued by our preliminary
observations that cerebral oxygenation (and oxygenated Hemoglobin concen-
trations) declined with administration of Phenylephrine, but remained un-
changed with Ephedrine. Both pressors produced the anticipated increase in
blood pressure. We sought a correlation of this observation through a direct
monitor of cardiac output with a Doppler Esophageal device (Cardio Q,
Deltex Inc.). The data clearly showed that administration of Phenylephrine
induced a decrease in cardiac output and a correlation with (a decreasing) ce-
rebral oxygenation. The cerebral blood volume and tissue oxygen saturation
tracked with the blood pressure. Our observations are now engendering
a reexamination amongst clinicians as to how best to understand the interplay
between cardiac output, mean arterial pressure and the use of increased blood
pressure as a means to better perfuse and oxygenate critical organs such as the
brain.
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Biophysical Effects of a Novel Biodegradable Copolymer on the Repair of
Damaged Neural Membranes
Sogolie Kouhzaei, Hamid Mobasheri.
The pathophysiology of Spinal cord injury (SCI) is involved primary mechan-
ical injury followed by secondary delayed injury. Neural membrane is the
most susceptible part of the cell and most of the time mechanical injury re-
sults in axolemma disruption and failure to function as an electrical and ionic
barrier. This leads to blockage of nerve impulse conduction, deregulation of
ionic gradients; free radical associated lipid peroxidation of membrane and
increased influx of calcium ions that activates calpain and caspase-dependent
cell death cascades. Thus immediate membrane repair can prevent various
destructive processes, restoring of the physicochemical balance of the cyto-
plasm and ultimate functional recovery in neurons. Several degradable poly-
mers and surfactants including PEG, Poloxamer 188, and poloxamine 1107
have shown to be effective in sealing and halting progressive permeabiliza-
tion. Here, we applied ultrasound wave as mechanical insult to make transient
breaches in membrane to simulate membrane damage in SCI and used a novel
triblock copolymer of PEG-(fumaric-sebacic acids)-PEG to seal membrane
breaches. Cell survival and membrane integrity were checked by MTT assay
and Trypan blue exclusion test respectively. The results showed that this
copolymer can be a promising candidate for membrane sealing. Now we
are assessing the effects of this polymer on in vivo spinal cord evoked poten-
tial (SCEP).
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Computational Investigation of the Mechanism Behind Sidearm-Mediated
Neurofilament Interaction
Lakshmi Jayanthi, William Stevenson, Rakwoo Chang,
Yeshitila Gebremichael.
Neurofilaments (NFs) are essential cytoskeletal filaments that determine the ax-
onal caliber and impart mechanical integrity to the nerve cells. They are assem-
bled from three distinct molecular weight proteins - neurofilament light (NF-L),
medium (NF-M), and heavy (NF-H). The three proteins are bound to each other
laterally forming 10-nm filamentous rods along with sidearm extensions that
vary in the number and sequences of amino acid residues. Additionally, the
polypeptide chains attain negative charges through serine phosphorylation of
the Lys-Ser-Pro (KSP) repeat motifs that are particularly found in the NF-H
and NF-M sidearms. The NF sidearms are known to mediate the interaction be-
tween neurofilaments, and a number of models have been proposed in the lit-
erature for describing the interfilament interactions. However, the precise
mechanism by which NF sidearms regulate NF-NF interaction remains unset-
tled. To understand the exact nature of sidearm-mediated interactions, we em-
ployed the polymer brush model of NF (Chang et al. J. Mol. Biol. (2009)
391:648-660). The model incorporates the stoichiometry and charge distribu-
tion of NF sidearms, where the latter arises from the ionizable amino acids
as well as the KSP repeat motifs of the polypeptide chains. By using the NF
brush model, we performed Monte Carlo simulations to investigate the interac-
tion between neurofilaments under various conditions. We present the analyses
of Monte Carlo simulations that are carried out to reveal the underlying mech-
anism behind interfilament interactions.
